difficile infection requires additional treatment and a longer hospital stay. The investigation and prevention of nosocomial infection caused by C. difficile require the use of sensitive typing methods. Various typing methods, such as bacteriophage and bacteriocin typing (4, 20) , serogrouping (9, 10) , plasmid profile (8) , restriction endonuclease analysis (11) , and arbitrary-primer PCR (14) , have been utilized in the epidemiological investigation of this organism. The typing of C. difficile by immunoblot with 10 different antisera was previously reported (12) . Although a number of strains were not typeable because they did not react with any of the 10 antisera, the method was sensitive and useful for the investigation of a nosocomial outbreak. A limitation of the immunoblot typing which was established (12) is that new antiserum preparation is necessary when nonreactive strains are encountered.
Pulsed-field gel electrophoresis (PFGE) has been used for typing various organisms (2, 16) . Digestion of chromosomal DNA with a restriction endonuclease that has infrequent DNA recognition sites results in fewer but larger fragments than can be analyzed with conventional gel electrophoresis. PFGE enables the separation of these large fragments and greatly simplifies analysis. Recently, Simor et al. used PFGE analysis and conventional restriction endonuclease analysis for the investigation of C. difficile recovered from a long-term-care facility and demonstrated that the comparison of digest patterns generated by PFGE was easier (18) . In serogroup (Delmee's grouping) (9) and subserogroup levels according to band variations in the 30-to 60-kDa range and above 60 kDa, respectively, as described previously (12) .
RESULTS
Genomic DNA of the reference strains of the 10 different serogroups was analyzed by PFGE after SmaI digestion. Nine of the 10 reference strains showed distinctive PFGE patterns (Fig. 1) . However, DNA of the reference strains of serogroup G was degraded, resulting in the strains being nontypeable. When PFGE patterns of SmaI-digested DNA from the reference strains of serogroups A, B, and D were compared before and after 10 subcultures, no changes in PFGE patterns were found (data not shown).
Seventy-nine (35.7%) of 221 fecal specimens from 41 (61%) of 67 neonates in the NICU were C. difficile culture positive (Fig. 2) . For two neonates, C. difficile was isolated 2 days after birth. Of the 79 C. difficile isolates, 55 isolates from 32 neonates were available for typing and toxigenicity testing. The SmaI restriction patterns of 53 (96%) of 55 isolates were identical, and the isolates were designated type T-1 ( Fig. 3A and Table  1 ). The remaining two isolates showed PFGE patterns different from those of the 53 isolates and each other and were designated types T-2 and T-3. The 53 isolates showing the same SmaI restriction patterns were also indistinguishable when PFGE was performed after SacIl digestion (Fig. 3B) .
These 55 isolates from the NICU were typed by immunoblotting (Table 1) . Although all 53 isolates belonging to PFGE type T-1 showed the same immunoblot pattern as the serogroup X reference strain named subserogroup X-0, the PFGE pattern of type T-1 isolates differed from that of the serogroup X reference strain ( Fig. 1 and 3A and C) . The PFGE type T-2 isolate showed the same immunoblot pattern as the serogroup F reference strain (serogroup F, subserogroup F-0), but they differed in PFGE patterns ( Fig. 1 and 3A and C) . The PFGE type T-3 isolate reacted with serogroup C antiserum, but its blotting pattern was different from that of the serogroup C reference strain (subserogroup C-0) and the isolate was designated immunoblot serogroup C, subserogroup C-2 (Fig. 3C) . The type T-3 isolate and the serogroup C reference strain also showed different PFGE patterns ( Fig. 1 and 3A) .
The results of PCR toxigenicity testing of the 55 isolates from the NICU are summarized in were tested with both immunoblot and PFGE typing using SmaI digestion. 8) as determined by PFGE of SmaI-digested DNA (A), PFGE of SacII-digested DNA (B), and immunoblot with serogroup X (Cl), F (C2), and C (C3) antisera. Lanes 1 to 6, PFGE type T-1 and immunoblot type subserogroup X-0 strains; lanes 7, PFGE type T-2 and immunoblot type subserogroup F-0 strain; lanes 8, PFGE type T-3 and immunoblot type subserogroup C-2 strain; lanes X, F, and C, reference strains of serogroups X, F, and C. Chromosomal DNA of S. cerevisiae was used as size markers for PFGE analysis (far left lane of panels A and B). 16, 18) . In this study, we used PFGE to type 55 C. difficile isolates from an NICU and 91 epidemiologically unrelated isolates and compared the results with those of immunoblot typing. PFGE patterns of C. difficile DNA after SmaI and SacII digestion were easy to analyze because of the small number of bands produced. PFGE patterns were shown to be reproducible following 10 subcultures of C. difficile isolates. Distinctive PFGE profiles were demonstrated for reference strains of 9 of the 10 serogroups established by Delmee et al. (9) . Despite several attempts, no PFGE pattern could be obtained for the reference strain of serogroup G because of DNA degradation during sample preparation. While eight epidemiologically unrelated isolates were untypeable by PFGE because of DNA degradation, six of them were typed as subserogroup G-0 (subserogroup of the reference strain of serogroup G) or subserogroup G-1 by immunoblotting. Strains belonging to subserogroups G-2 and G-3 were typeable by PFGE analysis. The presence of a high level of DNase activity in Clostridium perfringens has been reported previously (5) , and nonspecific DNA degradation in restriction endonuclease analysis of C. difficile has been described (11) . These findings suggest that C. difficile strains belonging to subserogroups G-O and G-1 may have much greater deleterious DNase activity than those of other subserogroups of G and other serogroups.
The present findings of the high carriage rate (61%) of C.
difficile in hospitalized neonates agree with previous reports (1, 10 (20) or two types (4) were predominant among C. difficile isolates recovered from neonates and hospital environments. In our study, one type (immunoblot serogroup X, subserogroup X-0) was predominant. Delmee et al. (9) , using the slide agglutination test, reported the recovery of nontoxigenic serogroup X strains from children.
In another report (10) , 83% of C. difficile isolates recovered in a neonatal ward belonged to two types (toxigenic serogroup F and nontoxigenic serogroup A). The existence of nosocomial spreading and the types of epidemic strains in each hospital should reflect on the rate of neonatal colonization by C. difficile and the rate of recovery of toxigenic strains from neonates (1, 4, 6, 10, 17, 20) .
We documented the nosocomial spread of C. difficile in an NICU, using both PFGE and immunoblot typing. The typing systems differ in their usefulness as typing tools. Although the PFGE typing method used in this study is more discriminatory, it has a DNA degradation problem and requires more specialized and expensive equipment than the immunoblot procedure used here. While the immunoblot procedure required the production of 10 different antisera and not all strains were typeable with these antisera, this method was able to type strains that were not typed by PFGE. 
